INTRODUCTION
============

Acute variceal bleeding is a fatal complication in patients with liver cirrhosis. In patients with decompensated liver cirrhosis accompanied by ascites or hepatic encephalopathy, acute variceal bleeding is associated with a high mortality rate. Nearly 50% of patients with newly diagnosed liver cirrhosis have accompanying varices;[@B1] every year, new varices are develop or the preexisting varices worsen in 7% of patients,[@B2],[@B3] and first bleeding occurs in 12% of patients each year.[@B4] The risk factors for variceal bleeding include the size of the varix, a red color sign on the surface of the varix, and the degree of deterioration of liver function.[@B5] Alcohol consumption is also a risk factor for variceal bleeding. In a study on patients with large varices showing the red color sign and with a grade higher than F2, the accumulated bleeding rate after 2 years was higher at 57% in patients who continued to drink compared with 35% in patients who were abstinent.[@B6] The 6-week mortality rate due to variceal bleeding is 15% to 20%, and in patients with severe decompensated liver cirrhosis of higher than Child-Turcotte-Pugh (Child-Pugh) grade C, the mortality rate increases up to 30%.[@B7],[@B8],[@B9] Therefore, in patients with acute variceal bleeding, timely endoscopic hemostasis and prevention of rebleeding is most important. The treatment goals for acute variceal bleeding are 1) correction of hypovolemia, 2) rapid achievement of hemostasis, 3) prevention of early rebleeding, 4) prevention of complications related to bleeding, and 5) prevention of deterioration in liver function.[@B10] In this article, the authors discuss patients with acute variceal bleeding, methods to achieve hemostasis, and methods to prevent rebleeding and complications.

EVALUATION OF SEVERITY AND ACHIEVEMENT OF HEMODYNAMIC STABILITY IN ACUTE VARICEAL BLEEDING
==========================================================================================

The first step of treatment in patients with bleeding is the evaluation of the severity of the bleeding, and the achievement of hemodynamic stability through the administration of adequate fluids and transfusion. However, in contrast to patients with nonvariceal bleeding, too much transfusion or administration of fluids in patients with variceal bleeding can aggravate the bleeding resulting from increased portal venous pressure due to increased intravascular volume, and complications such as pulmonary edema and ascites may occur after hemostasis has been achieved; thus, close attention is required. It is recommended that hemoglobin levels should be maintained at 8 to 10 g/dL,[@B10] although it is better to maintain it at 8 g/dL.[@B11] When the level of consciousness declines, or in case of massive hemorrhaging, the systolic pressure should be maintained at \>90 to 100 mm Hg, heart rate \<100/min, and central venous pressure from 1 to 5 mm Hg.[@B12] Among patients with variceal bleeding, many have accompanying hepatic dysfunction due to liver cirrhosis and coagulation disorders from massive transfusion for bleeding; thus, transfusion of fresh frozen plasma (FFP) or platelet concentrate (PC) is necessary in many cases. If the platelet levels are \<50,000/mm^3^, transfusion of FFPs or PCs may be considered;12 however, as it might have no clear effect in the improvement of coagulation functions and may only increase intravascular volume, the decision should be made with care. At least two intravenous lines should be kept open on the arms or legs for fluid administration. Insertion of a central venous line could increase patient burden and might cause complications such as pneumothorax; therefore, it should be performed only in patients whose intravenous lines are difficult to secure, and in other cases, central venous lines should be inserted depending on the hemodynamic status of the patient after the endoscopic therapy.[@B13]

MEDICAL THERAPY FOR ACUTE VARICEAL BLEEDING
===========================================

Administration of splanchnic constrictors
-----------------------------------------

Administration of splanchnic constrictors and antibiotics on arrival at the emergency room is recommended in patients suspected to have variceal bleeding.[@B14] The agents used for hemostasis for patients with variceal bleeding are vasopressin or its analog terlipressin (triglycyllysine vasopressin), and somatostatin or its analog octreotide and vapreotide. These agents directly or indirectly contract the vessels of the gastrointestinal tract, thereby decreasing the vascular inflow to the portal vein, and decreasing the portal venous pressure resulting in hemostasis of variceal bleeding. Vasopressin is a potent splanchnic vasoconstrictor effective for achieving hemostasis of variceal bleeding; however, because of its cardiovascular adverse effects, it is currently not recommended for use as a single therapeutic agent. Combination therapy with vasopressin and nitroglycerin shows better hemostatic effects than vasopressin alone and is associated with a lower rate of cardiovascular complications.[@B15] Terlipressin has a dual effect: systemic vasoconstriction effect and direct splanchnic vasoconstriction effect when degraded into vasopressin. It is the only therapeutic agent that has shown evidence of decreasing mortality rates in patients with acute variceal bleeding, and may be used alone, as it results in fewer cardiovascular complications.[@B16] Terlipressin has a greater effect than placebo or vasopressin and results in similar hemostatic effects to balloon tamponade.[@B17] In most cases, intravenous administration of 1 to 2 mg terlipressin is done initially, and then 1 to 2 mg is continuously injected every 4 to 6 hours. Somatostatin enables indirect splanchnic vasoconstriction by inhibiting vasodilatory peptides such as glucagon. Moreover, as somatostatin has little systemic vasoconstriction effects, its systemic adverse effects are predicted to be less common. It is more effective than placebo or vasopressin, and when used as a bridging therapy until endoscopic variceal ligation (EVL), it has similar hemostatic effects as balloon tamponade.[@B18],[@B19] The half-life of somatostain is very short, from 1 to 2 minutes; thus, continuous intravenous infusion is necessary. After the initial intravenous administration of 250 µg, it is mixed in a 5% dextrose solution and infused at 250 µg/hr (6 mg/day) continuously. Octreotide is an octapeptide containing four amino acid chains identical to somatostatin and works to decrease the porto-collateral circulation. As it has a longer half-life than somatostatin (1 to 2 hours), more stable administration is possible, and 0.025 to 0.05 mg is continuously infused. Administration of vasoconstrictors should be initiated as soon as possible in case variceal bleeding is suspected before endoscopy, and this administration is continued usually for 2 to 5 days after endoscopic treatment is completed to prevent rebleeding, although further studies are necessary to determine the adequate period.

Administration of antibiotics
-----------------------------

In liver cirrhosis patients with variceal hemorrhage, bacterial infections such as spontaneous bacterial peritonitis are common. These bacterial infections are present in 35% to 66% of liver cirrhosis patients with variceal bleeding, and is a risk factor for early rebleeding.[@B20] Prophylactic antibiotics can increase the survival rate;[@B21] therefore, the administration of antibiotics in patients with variceal bleeding is essential and is performed as soon as the patient arrives at the hospital.[@B22] Norfloxacin selectively works against the gram-negative bacteria of the gastrointestinal tract and is orally administered at a dose of 400 mg, twice daily, for 1 week.[@B23] When oral administration of antibiotics are impossible, quinolones such as ciprofloxacin or ofloxacin may be administered intravenously. A study on decompensated liver cirrhosis patients with variceal hemorrhage reported that the administration of 1 g ceftriaxone once daily is more effective than oral norfloxacin.[@B24] Systemic administration of antibiotics is usually done for 3 to 7 days; however, further study is necessary to determine the adequate period.

ENDOSCOPIC HEMOSTASIS OF ACUTE VARICEAL BLEEDING
================================================

Timing of endoscopic hemostasis
-------------------------------

To achieve hemostasis, endoscopic treatment should be performed as soon as the patient with acute variceal bleeding gains hemodynamic stability. In a study of 210 patients with acute variceal bleeding and hemodynamic stability, performing endoscopic treatment at 4, 8, and 12 hours after arriving at the hospital did not significantly affect the mortality rate.[@B25] However, in another study, performing endoscopic therapy after more than 15 hours after hospital arrival significantly increased the mortality rate.[@B26] It is recommended that endoscopic treatment be performed as soon as possible, that is, within 12 hours, in patients with variceal bleeding;[@B27] however, the decision to perform emergency endoscopic treatment should be made depending on the patient status, conditions at the hospital, and skills of the doctor. It should be decided on the basis of the vital signs and the amount of the hemorrhage, as well as whether there is active bleeding or not, which can be determined from the color of the vomited blood and the frequency and amount of vomiting. In patients vomiting bright red blood, those with increasing amount of hematochezia, or those with unstable vital signs, endoscopic hemostasis should be achieved without delay. However, in patients with stable vital signs, if the patient is not considered to have signs of active bleeding (such as vomiting black red blood with food), has not fasted long enough, or has shown no hematemesis or hematochezia in the recent 12 hours, it may be more beneficial to delay the endoscopic treatment until a more skilled doctor can perform the procedure.[@B13]

Endoscopic treatment for esophageal varices
-------------------------------------------

Endoscopic treatment methods for esophageal varices include EVL and endoscopic injection sclerotherapy (EIS). EVL is performed by placing the head of the endoscope with a rubber band ligation device over the varix to be ligated, suctioning the varix into the device, and tying the varix by discharging the rubber band ([Fig. 1](#F1){ref-type="fig"}). For actively bleeding varices, it is better to perform prophylactic ligation on the varices within 5 to 10 mm to 5 cm from the esophagogastric junction. Previous accessories for endoscopic ligation allowed only one ligation to be performed at a time. Consequently, in case an attempt at ligation failed the first time owing to the lack of a clear visual field because of bleeding, it was difficult to perform successive ligations, and the endoscope had to be removed each time a ligation was attempted; thus, an overtube was used, which increased the risk of esophageal rupture. However, nowadays, accessories allowing multiple band ligations are being widely used; thus, these situations can be dealt with easily. In case it is difficult to find the bleeding focus because of the lack of a clear visual field, the cap on the tip of the endoscope can be controlled to apply pressure proximal and distal to the suspected bleeding point, to determine the bleeding focus. If the bleeding focus is not found despite this effort, ligation of the varix within 5 cm from the esophagogastric junction may slow the bleeding and allow the bleeding focus to be found easily. If suction of the mucosa into the cap is not sufficient or if fibrosis of the mucosa makes suction difficult, the band may not create a proper O-ring and may fall off, leading to failure of the ligation; therefore, caution must be taken. EIS is performed by injecting a sclerosant into the varix, and treatment is completed by inducing thrombosis of the varix. With this method, complete obliteration of the varix is most important to prevent recurrence. Various sclerosing agents such as 5% ethanolamine oleate (mainly used, injected in travenously) or sodium morrhuate are used. As 5% ethanolamine oleate has a strong hemolytic effect and may cause hemoglobinuria or renal failure when systemically injected in large doses, the dose to be used per treatment should be within 0.4 mL/kg.[@B28] EVL and EIS showed a similar effect in achieving acute bleeding; however, fatality and complication rates were significantly higher with EIS.[@B29] Therefore, as EIS does not show better treatment results than EVL and results in higher fatality and complication rates, it is not recommended as the first-line therapy for the endoscopic treatment of esophageal varices, and may be tried only in case EVL fails or if it is impossible to perform EVL.[@B30]

Endoscopic treatment for gastric varices
----------------------------------------

Gastric varices are known to be present in approximately 20% of patients with portal hypertension. The incidence of gastric variceal bleeding is lower than that of esophageal variceal bleeding; however, owing to the anatomical location of the varices and the characteristics of blood flow, the mortality rate is high. Gastric varices can be classified as gastroesophageal varices (GOVs), if the gastric varices form esophageal varices after crossing the esophagogastric junction, and as isolated gastric varices (IGVs), if they are not accompanied by esophageal varices. GOVs can be further classified as GOV1, which are relatively straight gastric varices formed on the lesser curvature, or GOV2, which are long curved gastric varices formed on the gastric fundus. IGVs can be further classified as IGV1, which are isolated varices formed on the gastric fundus, or IGV2, which are ectopic gastric varices formed on the gastric body, antrum, or pylorus.[@B31] EVL has been reported to be effective in treating small gastric varices of the GOV1 or IGV1 form;[@B32] however, as the gastric mucosa is thicker than the esophageal mucosa, the band may fall off more easily, and for larger varices or varices of the IGV form, combination therapy with EIS has to be done frequently because of the high risk of rebleeding. Further, obtaining a clear visual field with the fixed cap of the endoscope may be difficult because of the anatomical location, and ligation is impossible for large varices (\>2 cm). Compared with esophageal varices, the risk of bleeding due to the formation of a large deep ulcer after band ligation is high, and there have been reports of gastric perforation due to excessive suction power. EIS with 5% ethanolamine oleate or ethyl alcohol is not recommended for the treatment of GOV2 or IGV1 because of the low success rate and high rebleeding and complication rates.[@B33],[@B34],[@B35] For GOV2 and IGV1 forms of gastric variceal bleeding, endoscopic variceal obturation (EVO) is the first-line therapy ([Fig. 2](#F2){ref-type="fig"}). Cyanoacrylate tissue adhesives such as N-butyl-cyanoacrylate (histoacryl), isobutyl-2-cyanoacrylate, or 2-octyl cyanoacrylate are used.[@B36],[@B37],[@B38],[@B39] Histoacryl is a nontoxic blue dye that acts as a potent adhesive when it makes contact with water in blood or tissues. The formed polymer then embolizes the blood vessel and obliterates the varix, thus exhibiting a rapid hemostatic effect. The foreign body reaction causes acute necrosis of the vascular endothelium, and the necrotized and fibrosed vessel walls fall off and become excreted from the body after 2 to 3 months.[@B40] When injecting cyanoacrylate through the channel of the endoscope, it is recommended to lubricate the lumen of the channel with oil to avoid obstruction of the channel. When securing a clear visual field to allow a comfortable injection, too much flexion of the tip of the endoscope might cause the injection needle to perforate the channel of the endoscope. The conduit should be irrigated with 1 to 2 mL normal saline before puncturing the bleeding varix. When the size of the gastric varix is large, inserting the conduit too deep might cause a part of the conduit to be inserted into the varix with the needle tip, and this might prevent adequate obliteration of the varix after cyanoacrylate injection. Cyanoacrylate should be loaded into a syringe from an ampule right before injection since it may polymerize easily. Moreover, as it may solidify and damage the endoscope or channel, cyanoacrylate should be used after mixing it with lipiodol. If injected slowly after the puncture, the remaining saline in the channel is injected into the varix first, and this allows the operator to check whether the needle has been injected correctly into the varix. If the injection was not applied into the varix but into the vessel wall or tissue surrounding the varix, submucosal swelling will be visible, and in this case, the injection is stopped and puncture is be performed again ([Fig. 3](#F3){ref-type="fig"}). If the needle is inserted correctly into the varix, the mixture of 0.5 mL cyanoacrylate and 0.5 mL lipiodol is injected rapidly. After injection of the solution mixture, 1 to 2 mL of normal saline is injected subsequently to flush out the remaining cyanoacrylate into the varix. When the injection is complete, the needle is removed from the varix, and normal saline is sprayed on the puncture site to allow the cyanoacrylate to solidify promptly. When removing the conduit for injection, it is better to wait for 20 seconds to allow adequate polymerization before removal, and during this time, the contents of the stomach should not be aspirated to prevent the channel lumen from becoming obstructed.[@B41] If the cyanoacrylate content is too high, it could solidify within the conduit, impeding the injection, or it could solidify within the varix rapidly before the conduit is removed and impede the removal of the conduit. In contrast, if the cyanoacrylate content is too low, it may delay the solidification and cause systemic complications such as emboli. Thus, adequate dilution is crucial. Usually, 0.5 mL of both cyanoacrylate and lipiodol is mixed (1:1) for injection; however, in IGV1-type varices with a larger lumen, 60% to 70% concentrations may be used because the blood flow is faster. The amount of cyanoacrylate to be used is determined from the size of the varix; however, normally, 1 to 2 mL is used. Complication rates are related to the amount injected in one session; thus, it is better to keep the amount of injection to \<2 mL per treatment. Performing ligation with a detachable snare is also possible to achieve hemostasis in gastric variceal bleeding, and with this method, it is easier to secure a clear visual field with EIS than with EVL, and it may be used for large varices \>5 cm.[@B42] However, the procedure has a risk of causing massive hemorrhaging, and a high degree of skill is required.[@B43] The success rate for achieving hemostasis has been reported to be up to 83% to 100%.[@B42],[@B43]

SALVAGE THERAPY AFTER FAILURE OF ENDOSCOPIC HEMOSTASIS
======================================================

Balloon tamponade
-----------------

This is a temporary procedure that may be used in patients who are too hemodynamically unstable to undergo an endoscopic procedure, or in case endoscopic hemostasis has failed. A Sengstaken-Blakemore tube is usually used, and hemostasis could be achieved in up to 80% of cases of active bleeding. If hemostasis is not achieved within 2 hours, another treatment should be considered immediately, and as complications such as migration or aspiration of the tube, or necrosis or perforation of the esophagus could occur, it should not be used for \>24 hours. If hemostasis is achieved and the patient is stabilized after balloon tamponade, further treatment such as radiologic intervention or surgical treatment should be considered.

Transjugular intrahepatic portosystemic shunt
---------------------------------------------

Transjugular intrahepatic portosystemic shunt (TIPS) can achieve hemostasis in up to 95% of acute variceal bleeding, and lowers the rebleeding rate. Early rebleeding is seen in 25% to 30% of cases, and these occur mostly because of stenosis or obstruction of the stent. As there is a high prevalence of deterioration in hepatic function or hepatic coma after the procedure, there is no difference in the mortality rate.

Balloon-occluded retrograde transvenous obliteration
----------------------------------------------------

Gastric varices may be drained by using a gastrorenal shunt, the subphrenic or pericardial vein, and is drained to the inferior vena cava directly through a gastrorenal shunt in 75% of cases. A sclerosant is injected into gastric varices through the gastrorenal shunt for their obliteration, and gastric varices are eliminated in 86% to 100% of cases, with recurrence rates of as low as 0% to 2.7%.[@B44],[@B45] However, owing to the increase in portal pressure after the procedure, esophageal varices may worsen, and periodic follow-up endoscopic examinations are necessary.

Surgical treatment
------------------

In patients with Child-Pugh A/B liver cirrhosis with well-preserved liver functions, surgical treatment (distal splenorenal shunt, angiectomy) may be attempted. On the other hand, in patients with decompensated Child-Pugh B/C liver cirrhosis, liver transplantation may be considered.[@B10]

CONCLUSIONS
===========

Acute variceal bleeding is a fatal complication in patients with liver cirrhosis, and it is most important to achieve hemostasis as soon as possible. Obtaining hemodynamic stability should be the first priority in patients with acute bleeding; however, in patients with variceal bleeding, excess administration of fluids or transfusions may cause complications such as ascites or pulmonary edema owing to the underlying deterioration in liver function. If variceal bleeding is suspected, medical therapy with vasopressors should be initiated immediately, and as there is a high risk of bacterial infection due to bleeding, prophylactic antibiotics should be administered. Currently, EVL is the primary therapy for esophageal variceal bleeding, and for gastric varices, EVO with cyanoacrylate is recommended. As the amount of bleeding is higher in variceal bleeding than in other gastrointestinal bleeding cases, obtaining a clear visual field may be difficult, impeding the endoscopic treatment. Moreover, as the general status of the patient is not good owing to the underlying liver disease, the patient might deteriorate rapidly during the procedure; thus, it is important for the operator to be familiar with the procedure, and to achieve hemostasis by finding the bleeding focus rapidly and precisely. Balloon tamponade, TIPS, balloon-occluded retrograde transvenous obliteration, and surgical treatment including liver transplantation may be attempted in case endoscopic treatment fails; thus, close observation of the patient\'s status is important during the procedure, and if it endoscopic treatment is deemed difficult, salvage therapy should be considered while hemodynamically stabilizing the patient.
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![Endoscopic variceal ligation of esophageal varices. (A) Endoscopy reveals a red color sign on the esophageal varix through the transparent cap. (B) Variceal ligation is performed by placing the head of the endoscope with a rubber band ligation device over the varix to be ligated, suctioning the varix into the device, and tying the varix by discharging the rubber band.](ce-47-308-g001){#F1}

![Endoscopic variceal obturation of gastric varices. (A) Endoscopy reveals spurt bleeding in the gastric varix in the fundus. (B) After puncturing the bleeding varix, the cyanoacrylate and lipiodol mixture is injected. (C) Endoscopic hemostasis is achieved after injection.](ce-47-308-g002){#F2}

![Inadequate injection of cyanoacrylate. (A) Spurt bleeding is noted in the slightly protruding gastric varix. (B) Submucosal swelling around the varix is seen after injecting cyanoacrylate.](ce-47-308-g003){#F3}
